1. Introduction
===============

Nonsmall cell lung cancer (NSCLC) is still increasing in prevalence. It is the leading cause of cancer-related death.^\[[@R1]\]^ A recent study reported that total of 26,093 new lung cancer cases are anticipated in 2017, with more male (18,371/26,093, 70.4%) than female in South Korea.^\[[@R2]\]^ The majority of this disease is usually diagnosed at later stages when curative treatment is unavailable.^\[[@R1]\]^ The benefit of platinum-based doublet chemotherapy, the current standard of care for advanced NSCLC, is only modest.^\[[@R3]\]^ For patients treated with chemotherapy for advanced NSCLC, the 5-year survival rate is less than 5%. They are also at increased risk for chemotherapy toxicity.^\[[@R4]\]^ If we can find new biomarkers for early identification of patients at the greatest risk, we can better select patients who may benefit from aggressive treatment strategies.

Tumor, lymph node, and metastasis (TNM) stage is currently the most reliable tool for determining clinical treatment strategies and predicting the outcome of patients.^\[[@R5]\]^ Although several prognostic biomarkers including maximum standardized uptake value (SUVmax) obtained by 18-fluoro-2-deoxyglucose positron emission tomography/computed tomography,^\[[@R6]\]^ epidermal growth factor receptor (EGFR) status,^\[[@R7]\]^ programmed death-ligand 1,^\[[@R8]\]^ and serum lactate dehydrogenase in advanced NSCLC^\[[@R9]\]^ have been suggested, currently there is no validated biomarker for patients with advanced NSCLC to predict their survival outcome.

Systemic inflammation has long been associated with carcinogenesis, tumor proliferation, and dissemination.^\[[@R10]\]^ It has significant contribution to the prognostic assessment of NSCLC. The prognostic value of many inflammation-based scores such as modified Glasgow Prognostic Score,^\[[@R11]\]^ neutrophil-lymphocyte ratio,^\[[@R12]\]^ and platelet-to-lymphocyte ratio^\[[@R13]\]^ have been validated in NSCLCs. In addition, previous studies have indicated that the levels of serum C-reactive protein (CRP) and albumin correlate with the survival outcome of patients with NSCLCs.^\[[@R14]--[@R18]\]^ The prognostic impact of the ratio of CRP/albumin (CRP/Alb) is currently unknown. It may have independent prognostic value. The ratio of CRP/Alb has also been validated as a poor prognostic factor in pancreatic cancer,^\[[@R19]\]^ nasopharyngeal cancer,^\[[@R20]\]^ colorectal cancer,^\[[@R21]\]^ and esophageal cancer.^\[[@R22]\]^ Recent study revealed that the CRP/Alb is an independent predictor for disease progression and death in patients with operable NSCLC^\[[@R23],[@R24]\]^ and in patients with small cell carcinoma.^\[[@R25]\]^ However, no studies have explored the association between the ratio of CRP/Alb and the clinical outcome of inoperable patients with NSCLCs. Therefore, the objective of this retrospective study was to evaluate the prognostic value of the ratio of CRP/Alb in patients with stage IV NSCLC receiving palliative chemotherapy.

2. Materials and methods
========================

2.1. Patient selection
----------------------

This research was approved by the Institutional Review Board of Ajou University Hospital. Our Institutional Review Board waives the requirement to obtain any informed consent because of retrospective design of our study. We carried out a retrospective study of 165 consecutive patients who received chemotherapy for NSCLC at Ajou University Hospital (Suwon, Republic of Korea) between 2002 and 2011. All patients in this analysis had pathologically or radiologically confirmed stage IV NSCLC and pretreatment blood sampling for CRP and albumin measurement. All patients did not undergo surgery, and only palliative chemotherapy was administered. Patients with detectable inflammatory disease were excluded. Clinicopathologic information including age, gender, clinical TNM stage, histologic subtype, chemotherapic regimen, smoking history, serum CRP, serum albumin, and Eastern Cooperative Oncology Group (ECOG) status were collected retrospectively. The clinical TNM stage was classified on the basis of American Joint Committee on Cancer 7th edition. The CRP/Alb ratio was calculated by dividing the serum CRP level by the serum albumin level. The efficacy assessment was done every 6 weeks. Targeted tumor lesions were assessed with computed tomography scan, magnetic resonance imaging, and bone scan. Tumor response and disease progression were classified according to Response Evaluation Criteria in Solid Tumors (version 1.0).

2.2. Statistical analysis
-------------------------

Overall survival (OS) was defined as the time between the first day of diagnosis and the date of death from any cause. The follow-up of patients who were still alive was censored at their last follow-up date. OS rates were analyzed with Kaplan--Meier curves. They were compared by log-rank testing. Multivariate prognostic analyses were performed on OS with Cox proportional hazards regression model. We included the predictor in the final multivariate analysis if the test had a *P* value of .05 or less in univariate analysis or if it was a clinically important variable. The enter method of logistic regression was employed to determine the final Cox model for multivariate analysis. The optimal cutoff value of CRP/Alb ratio was determined using an R software-engineered web-based system (<http://molpath.charite.de/cutoff/>).^\[[@R26]\]^ Categorical variables were compared with Chi-squared test. Data were analyzed using SPSS statistical software program (version 18.0; SPSS Inc, Chicago, IL, USA). All *P* values are 2-sided associations. Statistical significance was considered when *P* value was less than .05.

3. Results
==========

3.1. Patient characteristics
----------------------------

The clinical characteristics of the 165 patients included in the study are summarized in Table [1](#T1){ref-type="table"}. Patient ages ranged from 32 to 82 years (median: 60 years). Of the 165 patients, 115 were men and 50 were women. By histologic subtyping, 112 had adenocarcinoma and 53 had nonadenocarcinoma. One hundred twenty-seven patients received platinum-based chemotherapy as first-line treatment while the remaining 38 patients received nonplatinum-based chemotherapy. The median follow-up time was 9 months (range: 1--74 months). The median CRP/Alb ratio was 0.41 (range: 0.005--9.716).

###### 

Demographic and clinical characteristics of patients.
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3.2. Prognostic significance of CRP/Alb ratio
---------------------------------------------

Using a Biostatistical tool Cutoff Finder, 0.195 was found to be the optimum cutoff point in our study population for CRP/Alb ratio when assessing OS (Fig. [1](#F1){ref-type="fig"}).^\[[@R26]\]^ Patients were divided into 2 groups based on the cutoff value: CRP/Alb ratio ≥0.195 (n = 108, 65.5%) and CRP/Alb ratio \<0.195 (n = 57, 34.5%).

![Cutoff optimization by correlation with overall survival (OS) (hazard ratio \[HR\] with 95% confidence interval on the *y*-axis and C-reactive protein/albumin \[CRP/Alb\] ratio on the *x*-axis). HR with 95% confidence interval for OS is estimated in patients with high CRP/Alb ratio and in patients with low CRP/Alb ratio. The vertical line indicates the optimal cutoff point with the most significant (log-rank test) split.](medi-96-e6848-g002){#F1}

Patients with high CRP/Alb ratio (≥0.195) had lower OS than patients with low CRP/Alb ratio (median OS: 7 vs 16 months, *P* \< .001; Fig. [2](#F2){ref-type="fig"}A). To further assess the additional prognostic information regarding CRP/Alb ratio, we performed subgroup analyses according to histologic subtype. In adenocarcinoma patients, those who had high CRP/Alb ratio had lower OS than patients with low CRP/Alb ratio (8 vs 17 months, *P* \< .001; Fig. [2](#F2){ref-type="fig"}B). However, there was no association between CRP/Alb ratio and OS in patients with nonadenocarcinoma (*P* = .362).

![Comparison of survival rates according to the C-reactive protein/albumin (CRP/Alb) ratio and histologic type. Overall survival was significantly worse in patients with CRP/Alb ratio ≥0.195 in all patients (A) and in those with adenocarcinoma (B).](medi-96-e6848-g003){#F2}

We then performed subgroup analysis according to chemotherapeutic regimens in adenocarcinoma patients. In patients receiving platinum chemotherapy, those with high CRP/Alb ratio had a lower OS than patients with low CRP/Alb ratio (8 vs 19 months, *P* = .001; Fig. [3](#F3){ref-type="fig"}A). However, CRP/Alb ratio was not correlated with OS in patients receiving nonplatinum chemotherapy (*P* = .503; Fig. [3](#F3){ref-type="fig"}B).

![Comparison of survival rates according to the C-reactive protein/albumin (CRP/Alb) ratio and chemotherapeutic regimens. Overall survival (OS) was significantly worse in patients with CRP/Alb ratio ≥0.195 and adenocarcinoma receiving platinum chemotherapy (A). In adenocarcinoma patients receiving nonplatinum chemotherapy (B), there was no significant difference in OS between patients with high CRP/Alb ratio and those with low CRP/Alb ratio.](medi-96-e6848-g004){#F3}

Univariate analysis of adenocarcinoma patients revealed that OS was associated with advanced age and clinical nodal stage. Because CRP/Alb ratio has prognostic impact in patients receiving platinum chemotherapy alone, we added chemotherapeutic regimen to multivariate analysis. In multivariate analysis, high CRP/Alb ratio expression was an independent poor prognostic marker for OS in adenocarcinoma (hazard ratio: 2.227, *P* = .001; Table [2](#T2){ref-type="table"}).

###### 

Multivariate analyses of OS in lung adenocarcinoma patients.
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The clinicopathological characteristics of patients based on CRP/Alb ratio are summarized in Table [3](#T3){ref-type="table"}. An elevated CRP/Alb ratio was significantly associated with male gender (*P* = .002) and smoking history (*P* = .009). However, compared to those in the high CRP/Alb ratio group, age (*P* = .816), cT stage (*P* = .153), cN stage (*P* = .192), and ECOG performance status of patients were similar to those in the low CRP/Alb ratio group.

###### 

Correlation of CRP/Alb ratio with clinical characteristics in adenocarcinoma patients.
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3.3. Tumor response according to CRP/Alb ratio
----------------------------------------------

A total of 89 patients were measured for tumor response. There was no complete response in total patients. Partial response patients was similar in the high CRP/Alb ratio group (n = 10, 17.9%) and the low high CRP/Alb ratio group (n = 5, 15.2%) (*P* = .563; Table [4](#T4){ref-type="table"}).
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Tumor responses.
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4. Discussion
=============

In the present study, we evaluated the prognostic power of CRP/Alb ratio in patients with stage IV NSCLC receiving palliative chemotherapy. To our knowledge, this is the first study analyzing the correlation between CRP/Alb ratio and OS in inoperable patients with NSCLC. A high CRP/Alb ratio (≥0.195) was found to be an independent poor prognostic factor in patients with adenocarcinoma. The CRP/Alb ratio is a readily available biomarker. It is easy to obtain from serum at diagnosis. It is probably be one of the most inexpensive tests that can be used as a predictive model in cancer.

Chronic inflammation is an emerging hallmark of cancer. It play a key role in carcinogenesis and tumor progression.^\[[@R27]\]^ Increased level of CRP occurs as an inflammatory response secondary to tissue damage induced by infection, trauma, and tumor necrosis.^\[[@R28]\]^ Previous studies have reported that elevated CRP level can affect the growth and progression of cancer.^\[[@R29],[@R30]\]^ CRP binds to phospholipids on membranes of tumor cells, acting as an opsonin, which can lead to lysis of tumor cells.^\[[@R29]\]^ Furthermore, CRP can induce the overexpression of cyclooxygenase-2 enzyme.^\[[@R29]\]^ Persistent inflammatory state produces various inflammatory cytokines including interleukin 6 (IL-6) as a response to tissue necrosis and the presence of tumor cells.^\[[@R29]\]^ IL-6 has an important role in cancer progression. IL-6 can induce malignancy in stem cells from human breast carcinoma.^\[[@R31]\]^ IL-6 is required for the proliferation of breast cancer^\[[@R32]\]^ and colon cancer.^\[[@R33]\]^ IL-6 also contributes to tumor angiogenesis.^\[[@R34]\]^ The level of serum albumin is inversely associated with the magnitude of systemic inflammatory response as a consequence of increased catabolism and downregulation of hepatic synthesis by cytokines tumor necrosis factor alpha and IL-6.^\[[@R35]\]^ Therefore, the levels of albumin and CRP are closely correlated with the levels of IL-6, resulting in cancer progression.

Our results showed that high CRP/Alb ratio was associated with the presence of smoking history. Previous studies have found that increased CRP levels are secondary results of cigarette smoking due to tissue injury.^\[[@R36],[@R37]\]^ Perez-Bautista et al^\[[@R38]\]^ have reported that hypoalbuminemia is also correlated with cigarette smoking.

Although palliative treatment with chemotherapy and radiotherapy provide modest survival benefit for patients with advanced NSCLC, they are associated with severe adverse reactions, including myelosuppression, gastrointestinal reactions, nervous system damage, allergic reactions, liver and kidney damages, and radiation pneumonitis.^\[[@R39]\]^ Therefore, curative effects and treatment-induced adverse reactions should be taken into consideration when chemotherapy and radiotherapy are used. The CRP/Alb ratio may help oncologist select the better treatment plan for patients with advanced NSCLC.

In our study, 77% of the patients received platinum-based combination chemotherapy. Most patients received nonplatinum regimen such as gemcitabine, docetaxel, and paclitaxel in addition to platinum-based regimen. Platinum-based combination chemotherapy is a standard of care for the first-line treatment of metastatic NSCLC.^\[[@R40]\]^ Although gefitinib has been designated as first-line treatment in advanced NSCLC with EGFR mutation,^\[[@R41]\]^ the EGFR test was not widely used at the time of patient treatment of our study.

The limitations of our work include the retrospective nature of the study design and the small sample sizes. Our research can have selective bias or information bias because of the retrospective nature of this study.

In summary, our results suggest that a high CRP/Alb ratio is an independent and poor prognostic factor for patients with advanced lung adenocarcinomas receiving palliative chemotherapy, particularly in the group receiving platinum chemotherapy. Further large-scale studies are needed to determine the effect of CRP/Alb ratio on clinical outcomes of patients with NSCLC and to confirm the present findings.

Abbreviations: CRP = C-reactive protein, CRP/Alb = C-reactive protein/albumin, EGFR = epidermal growth factor receptor, IL-6 = interleukin 6, NSCLC = nonsmall cell lung cancer, OS = overall survival, TNM = tumor, lymph node, and metastasis.
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